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Evaluating Adaboost and Bagging Methods
for Time Series Forecasting EEG Dataset

N. Geethanjali, G.T.Prasanna kumari, M.Usha Rani

Abstract. Time series forecasting is a paramount range from
claiming machine learning that is frequently neglected. It is
critical a direct result there are thus large portions prediction
issues that include a period part. These issues are dismissed on
account of it, this period part will lead to time series issues more
troublesome to manage. An fascinating time series classification
issue will be foreseeing if an subject’s eyes need aid open
alternately shut based best for their brain wave information
(EEG). We will aggravate examination for Adaboost and
Bagging methodologies on EEG dataset.
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1. INTRODUCTION

Time does assume a part to typical machine learning
datasets. Predictions would produced to new. The real
prediction might not a chance to be known until a future
date. What's to come is, no doubt, predicted. Anyway all
former perceptions need aid practically constantly dealt with
just as. Maybe for a portion exact. Minor transient progress
should succeed the clue from claiming “concept drift” for
example, just utilizing the most recent quite a while. For
perceptions instead of the greater part information
accessible. A period arrangement dataset may be separate.
Time arrangement includes a unequivocal request reliance
between observations: a period measurement and extra
extent. May be both a demand and a structure that gives an
wellspring for extra majority of the data. A period
arrangement may be an arrangement about perceptions taken
consecutively in time.

We have different objectives relying upon if we would
intrigued by focusing on a dataset or performing final
predictions. Focusing on a dataset, known as time series
analysis, assistance with settle on finer predictions, may be
not required and could bring about an expansive specialized
foul financing in time furthermore adroitness not
straightforwardly adjusted for the fancied outcome, which is
determining what's to come. Clinched alongside
spellbinding modeling, alternately time arrangement
analysis, a period arrangement will be modeled to figure out
its parts as far as occasional patterns, trends, connection to
outer factors. For contrast, time arrangement determining
utilization the data done a period arrangement (perhaps with
extra information) with figure future qualities for that
arrangement.

At utilizing established statistics, the essential concern
may be the investigation from claiming time arrangement.
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Time arrangement dissection includes creating models that
best catch alternately depict a watched time arrangement. In
place should comprehend those reasons. This field of
focusses on “why” behind a period arrangement dataset
which frequently includes performing presumptions
something like the structure of the information and
disintegrating the time arrangement under constitution parts.
Those nature of a spellbinding model may be resolved
toward how great it portrays all accessible information and
the understanding it gives should exceptional advise the
issue web-domain. Those essential objective for time
arrangement examination is on create scientific models that
gatherings give possible portrayals from example data.

2. TIME SERIES FORECASTING

Making predictions over future data may be known as
extrapolation in the traditional statistical handling of about
time arrangement information. More up to date fields
concentrate on those subject sentence and allude to it
similarly as time arrangement determining. Determining
includes taking models fit looking into authentic information
also utilizing them will foresee future perceptions.
Descriptive models might acquire for what's to come (i.e.
should smooth birch alternately uproot noise), they best try
to best depict those information. A paramount refinement
clinched alongside determining may be that what's to come
will be totally inaccessibility furthermore must best make
assessed starting with what need recently happened. The
reason for time arrangement dissection will be by twofold:
to see all the or model the stochastic instrument that
provides for ascent on a watched arrangement and should
anticipate alternately conjecture what's to come qualities of
a arrangement in view of those history from claiming that
arrangement. Those ability of a time arrangement
determining model may be dictated by its execution in
foreseeing what's to come. This may be frequently toward
those out from claiming having the ability to illustrate the
reason a particular prediction might have been made,
certainty intervals furthermore actually finer seeing the
reasons behind the issue.

3. CONSTITUENT PARTS OF TIME SERIES

Time series analysis has a number of subparts for
understanding and analyzing the dataset.
Four constituent parts of a time series:
1. Level. If it were a straight line, the baseline value
for the series.
2. Trend. The up’s and down’s behaviour of the
series over time.
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3. Seasonality. Repeatative patterns(cycles) of
behaviour over time.

4. Noise. The variation in the observations that cannot
be explained by the model.

Level and noise are mandatory and trend and seasonality
are optional for all time series. But, important features of
time series are trends and seasonal variations. These
constituent parts are combined together to form time series.

4., ELECTROENCEPHALOGRAPHY (EEG)

Assessing machine learning models on time arrangement
determining issues is testing. It will be not difficult should
aggravate a little lapse in the encircling of a issue alternately
in the assessment about models that provide for amazing
comes about anyhow bring about an invalid finding. An
intriguing time arrangement issue may be foreseeing if an
subject’s eyes are open alternately shut based main on their
cerebrum wave information (EEG).

We will find those issue of foreseeing if eyes need aid
open or shut in light of mind waves furthermore an as a
relatable point methodological trap the point when assessing
time arrangement determining models. We are setting off
will make a closer take a gander at an issue that includes
foreseeing if the subjects eyes need aid open or shut in view
of cerebrum wave information. Those issue might have been
portrayed and information gathered toward Oliver Rosler and
David Suendermann for their paper titled “A First Step
towards Eye State Prediction Using EEG*. Specifically, an
electroencephalography (EEG) recording might have been
constructed of a solitary man to 117 seconds (just under two
minutes) same time those subject opened and shut their eyes,
which might have been recorded by means of a feature
polaroid. Those open/closed state might have been after that
recorded against each the long run venture in the EEG follow
manually. Those EEG might have been recorded utilizing an
emotiv EEG Neuroheadset, bringing about 14 follow. Those
yield variable is binary, significance that this may be a two-
class arrangement issue. What added up to 14,980
perceptions (rows) were made through those 117 seconds,
significance that there were over 128 perceptions for every
second. Those corpus comprises about fourteen thousand
instances with fifteen features every (14 features to the
values of the electrodes and the eye state). The instances
would saved in the corpus clinched alongside ordered request
will have the ability will dissect fleeting dependencies.
8,255(55 %) instances of the corpus relate of the eye state
open and 6,722(44%) instances of the eye state shut.

The analyze might have been conveyed out in a tranquil
space. Throughout those experiment, those proband might
have been being videotaped. To forestall artifacts, the
proband might have been not mindful of the correct start
period of the estimation. Instead, he might have been totally
straightforward with sitting relaxed state, gaze straight of the
camera, and transform those eye state in freedom of thought.
Best extra demand might have been that, gathered in those
whole session, the span about both eye states ought further
bolstering make over the same furthermore that the distinct
intervals ought further bolstering change incredibly long
(from eye squinting will more drawn out stretches) to Figure
1. The span of the estimation might have been 117 seconds.
The inspecting rate of the EEG headset A/D converter might
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be four times the span rate of the feature polaroid. Those eye
state might have been manually annotated and examining
the feature recordings adjusted for those EEG information.
Both open or incompletely open eyes were sorted as open
state; best totally shut eyes were sorted similarly as shut.

S ———— —

eye state

Figure 1. Eye states(for duration of two minutes). 0
represents open and 1 represents closed eye state.

@ | &

|
Figure 2. Sensor position; Blue represents to a maximum
increase and red represents to a minimum decrease with
opening eyes.

Those yield variable may be binary, significance that this
may be an two-class arrangement issue. What added up to
14,980 perceptions (rows) were committed again the 117
seconds, significance that there were around 128 perceptions
for every second. There were also a portion EEG
perceptions that need an significantly bigger over
anticipated plentifulness. These need aid liable outliers and a
chance to be identifier and evacuated utilizing a
straightforward factual system for example, such that
uprooting rows that have a perception 3-to-4 standard
deviations. Those simplest encircling of the issue will be
should anticipate the eye-state (open/closed) provided for
the EEG. All the more propelled framings of the issue might
try to model the multivariate time arrangement of every
EEG follow in place on anticipate the present eye state. The
corpus comprises for 14,977 instances for 15 qualities. The
instances saved in the corpus over ordered request to have
the capacity to dissect fleeting dependencies. 8,255 (55%)
instances of the corpus relate of the eye open furthermore
6,722 (44%) instances of the eye shut state. The dataset
downloaded free of charge:
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» EEG Eye State Data Set
Relation: eeg N

Nedl aF3 F7 FCS

Nommai| Numere | Numerc| Namaric| Mo

|1 [[3525.23] 4009.23] 4285.23] 41%8.21] - 2

2 4324.62| 4004.62| 4293.85 4148.72) X . . .67| X

3| 4327.69] 4006.67| 4295.38] 4156.41 4336.92| 4583,59) 4096.92| 4630.26| 4207.69| 4222.05| 4206.67| 4282.05| 4628.72) 4389.23[0
|4 | 4328.72] 4011.79] 4296.41 4155.9] 4343.59 4582.56| 4097.44| 4630.77 4217.44| 4235.38| 4210.77) 4287.69| 4632.31] 4396.41/0
[ [ 9525.15] 3011.75] 292,31 4151.28] 4347.65] 4566.67]_4055.9| 4627.65] 4210.77]_ 24,1 4212.62| 4288.21 963282 336,360
6 4321.03| 4004.62| 4284.1] 4153.33| 4345.64| 4587.18| 4093.33| 4616.92| 4202.56| 4232.82| 4209.74| 4281.03| 4628.21 4389.74(0
7 4319.49| 4001.03 4280.51) 4151.79| 4343.50| 4584.62| 4089.74] 4615.9| 4212.31] 4226.67 4201.03) 4269.74| 4625.13| 4378.46/0
8 4325.64 4143.08) 4344.1] 4583,08| 4087.18| 4614.87) 4205.64 4230.26| 4195.9| 4266.67| 4622.05| 4380.510
RS 3] 4345.13|_4584.1] 4091.28] 4608.21] 4167.69) 4229.74] 4202.05| 4273.85| %627 8| 470 |
10 [ 4326.15] ¢ 582,56 4092.82| 4608.72| 4194.36| 4228.72| 4212.82| 4277.95| 4637.44| 4393.33)0
TEG e Rl e
12 | 431692 X . 308615 4615.38| 4195.9| 4223.59) 4197.44| 4262.05) 4613.33| 4370.770
|13 [ 4308.21) 4124.62] 4335.9] 4584,62| 4089.74| 4610.26| 4188.72| 4221.54| 4190.26| 4255.9] 4606. 15| 4369.74/0
14| 4308.21] 3998.46| 425179 4122.56| 4338.46| 4584.62] 4091.28 4616.92| 4205.64| 4225.64| 4194.36| 4263.59| 4610.26| 4371280
15| 4312.82] 4006.15] 260.51] 4127.65] 434103 4586.15] 4085.73] 4628.72]_4215.3] 4225.13] 419,97 4274.38 1L 437590
16 | 4313.85 4003.59) 4255.9| 4127.69| 4337.95 4586.15 4091.28| 4627.69| 4206.15 4224.62] 4199.49 4269.23| 4610.26| 4378.97)0
17 | 4306.67| 3997.95| 4247.18| 4122.56| 4336.92] 4584.1| 4094.36| 4620.51| 4202.56| 4226.15| 4193.85| 4254.36| 4606.15| 4369.740
[i6 [ 4303.59] 399%.41] 92.23 4090.77] 461641 4203.55] 4226.15] 4189.23| 4253.85] 4606.15| 4370.350
15 [#102.31] %000 42559 [ 208564 %10.77] 192,31 4225.08] 4192.31] 4264.62] 614,87 4362.050
2 4315.9] 4003.59| 4257.44) 4088.21| 4607.18| 4188.21| 4216.92| 4200.0| 4270.26| 4621.54| 4378.97[0
21| 4314.36] 4005.64| 4259.49| 4123.59 4345.13| 4588.21| 4092.31] 4612.82) 4206.67| 4222.56| 4209.74 4272.31 4624.62| 4381540
22 | 4324.62 4012.82| 4263.08| 4132.31| 4343.08| 4587.18| 4091.79| 4617.95| 4213.33 4240.51| 4217.95 4274.36| 4632.31| 4400.51/0
23 [ 433128 40241 4266.15| 4140.0| 4336.41] 4585.64] 4089.74| 4617.95| 4204.62| 4245.13] 4216.41 4274.36| 4638.97| 4401.54/0
24 [ 4326.67] 4020.0] 4264.1| 4137.44| 4334.36| 4586.15| 4088.21| 4621.54| 4213,33| 4238.46| 4208.72) 4271.28| 4634.36| 4385.13/0
[25 | 4321.54| 4007.69| 4260.0 4132.31] 4340.0| 4585.64| 4087.18| 4630.26] 4230.26| 4242.56| 4208.72| 4270.26| 4627.69| 4378.970
W25 | #517.44] 2007.63] 4257.44) 4125.72] 4343.59] 4585.13) 4088.21] 4638.57| 4231.79] 4247.69| 4209.23) 4269.74| 4625.13| 4386.150
27 | 4311.79] 4007.18| 4250.77 4125.13| 4336.41) 4587.18| 4087.69| 4634.36| 4209.23 4232.31| 4197.44) 4262.05| 4615.38| 4381.03/0
28| 4308.72| 4000.0] 4245.13| 4121.54| 4329.23| 4585.64] 4086.67| 4617.44| 4189.23| 4216.41] 4186.15 4253.85| 4604.1] 4362.05/0
| 4306.1] 4002.05] 4252.82] 4122.56] 4392.62] 4582.56] 4087.69] 4610.77] 4192.82| 4216.41] 4189.74] 4256.52] 4605.13]_4360.00
30| 4311.28] 4011.28| 4265.13] 4130.26| 4339.49| 4583.59| 4089.74 %16.41| 4200.0[ 4220.51 4195.9) 4265.64| 611.28| 4374.36/0
31 | 4311.28| 4008.72| 4265.13 4130.77| 4337.44) 4585.64| 4087.69| 4614.87| 4190.26| 4218.46| 4195.38 4265.64| 4608.72| 4374.36/0
32 | 4306.15] 4000.51| 4259.49 4121.03| 4330.26] 4584.1| 4085.64] 4607.18| 4185.13) 4216.92| 4200.0 4263.08| 4611.28| 4369.23/0
33| 4307.18] 4003.08| 4263.08| 4121.54] 4330.77| 4562.56| 4086.67] 4611.79 4202.05| 4224.62] 4208.72) 4271.28| 4622.56| 4379.490

Table 1. EEG ARFF File.

The Table 1 comprises for 14977 instances with 15
qualities. The instances are saved in the corpus in which
8255 (55%) instances of the corpus relate of the eye open
furthermore 6722 (44%) instances of the eye shut state.
Table 2 indicates the quality ranges of the 14 sensors in the
corpus. There is an self-evident distinction on plentifulness
about specific sensors the point when analyzing those go
about qualities to diverse eye states. Those sensors F7, F3,
02, P8, T8, FC6, and F4, those greatest values for the eye
open state are higher over values of the eye shut state same
time the base qualities would about the same. On the other
hand, to those sensors AF3, FC5, T7, P7, O1, F8, and AF4,
those least values to those eye open state would more level
over to those eye shut state same time those most extreme
values are something like the same. Constantly on sensors
need on regular that open eye state goes alongside an higher
quality extent over those eye shut state same time the intend
sits tight almost the same. Accordingly, additionally those
standard deviation increments. Sensors might make part
under two assemblies. In the primary group, the greatest
increments when eyes open while, in the other group, the
least declines in the same. A large portion sensors of the
primary gathering happen with make spotted on the right
side, same time the vast majority of the second assembly
need aid on the left side of the brain, similarly as shown
previously, Figure 2.
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Eye closed open

State min | mean max min | mean max
AF3 | 4198 | 4305 | 4445 | 1030 | 4297 | 4504
F7 3905 | 4005 | 4138 | 3924 | 4013 | 7804
F3 4212 | 4265 | 4367 | 4197 | 4263 | 5762
FC5 4058 | 4121 | 4214 | 2453 | 4123 | 4250
T7 4309 | 4341 | 4435 | 2089 | 4341 | 4463
P7 4574 | 4618 | 4708 | 2768 | 4620 | 4756
01 4026 | 4073 | 4167 | 3581 4071 | 4178
02 4567 | 4616 | 4695 | 4567 | 4615 | 7264
P8 4147 | 4202 | 4287 | 4152 | 4200 | 4586
T8 4174 | 4233 | 4323 | 4152 | 4229 | 6674
FC6 4130 | 4204 | 4319 | 4100 | 4200 | 5170
F4 4225 | 4281 | 4368 | 4201 4277 | 7002
F8 4510 | 4610 | 4811 86 | 4601 | 4833
AF4 | 4246 | 4367 | 4552 | 1366 | 4356 | 4573

Table 2. Ranges And Means Of The Sensor Values For
The Eye States.

COMPARISON OF ADABOOST AND BAGGING
ALGORITHM ON EEG DATASET

For implementing AdaBoost and Bagging approaches, we
use the Weka Toolkit. We used two-fold cross-validation
with their default parameter settings. Results of this
experiment are shown in Figure 5. Surprisingly, Adaboost
classifier with a high classification performance(89%)
produced compared with Bagging. For AdaBoost an error
rate of 0.1 and time taken to build model is 104 seconds.

3 Weka Explorer
Preprocess | Classify | Cluster | Assodate | Select attributes | Visualize:

Classifier
[ Choose | daBonstM1 -7 100 -5 1 -1 L0 -W weks,classfiers.tress. 145 - -C 0.25 -1 2
Test options Classifier output
) Use training set Tize taken te build medel: 104.24 seconds :
) Suppiied test set Set., )
=== Stratified cross-validation ===
@ Cross~vaidation  Folds |2 == Summary ===
Percentagespit % [65
rrectly Classified Instances 13364 89.2123 3
More options... Incorrectly Classified Instances 1616 10.7877 %
Kappa statistic 0.7817
o) eyeDetection + || Mean absolute error 0.1074
oot mean squared error 0.306
Stop Relative absolute error 21.7152 &
Root relative sguared error 61.5273 ¢
HELR BUGRH dckfocatae Total Husber of Instences 14980
12:01:44 - meta, AdaBoostM |
=== Detailed Accuracy By Class ===
TP Rete FP Rate Precision Recall F-Measure ROC Arec
0.907  0.126 0.9 0.907  0.%0% 0.952
0.874  0.083 o.e85  0.874  0.879 0.952
Weighted Avg.  0.882  0.111 0.2e2  0.e82  0.882 0952
=== Confusion Matrix == [
< i ’

Status
oK

[ ] g

Figure 3. Eye State Classification using Adaboost
Algorithm.

Bagging got an error rate of 0.2 and processing time to
build model is 45 seconds.
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© Weka Explorer [E=EEEE x|
Preprocess | Classfy | Cluster | Associate [ Select attributes | Visuaize
Classifer
Choose  |Bagging -P 100 -5 1 -1 10 -W weka.classifiers.trees.J48 -- -C 0,25 -M 2

Test options Classifier output
Use training set Size of the tree : 1375

Supplied test set
© Cross-validation  Folds |2
Percentage spit

More options....
— Stra
(Nom) eyeDetection =1

st |

Result ist (right-click for options)
=)

Time taken to build model: 45.94 seconds

ross-validation ===

y Classified Instances 13223 88.271 %
Classified Instances 1757 11.729 %
tic 0.7619

0.2102

0.302

42.4806 %

60.7127 &
14980

=== Detailed Accuracy By Class ===

TP Rate FP Rate Pr
0.912 0.153
0.847 0.088

Weighted Avg.  0.883 0.124

=== Confusion Matrix

b <
7529 728 |  a=0
1029 5694 |  b=1

Figure 4. Eye State Classification using Bagging
Algorithm.

ERROR(%) | CLASSIFIED PERFORMANCE (%) [TIME TAKEN TO BUILD THE MODEL(S)
ADABOOST 0.11 89 104.24
BAGGING 0.21 88 45.94

Figure 5. Analysis of Adaboost and Bagging Approaches.

After running two different Adaboost and Bagging
approaches, we achieved a classification error rate of 0.1%
which is better than error rate of Bagging. We have
demonstrated comparative study of AdaBoost and Bagging
classification algorithms with the help of WEKA. Based on
the accuracy and classification performance point of view,
AdaBoost works better than Bagging algorithm. This shows
that it is possible to predict eye state using EEG sensor input
with an high accuracy.

6. CONCLUSION

In this paper, we presented an dissection of classification
performance and error rate of EEG dataset using AdaBoost
and Bagging approaches. We showed similar contemplate
about AdaBoost and and Bagging algorithms with those
assistance from claiming WEKA. The test outcomes
indicate that, for the exactness furthermore transforming
chance perspective from claiming view, AdaBoost meets
expectations superior to Bagging algorithm. AdaBoost
approach serves the time arrangement order issue done
foreseeing if a subject’s eyes would open or shut built just
looking into their brain wave information (EEG).
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